Legionella pneumophila (Legionnaires disease bacterium) of serogroup 1 was isolated from an algal-bacterial mat community growing at 450C in a man-made thermal effluent. This isolate was grown in mineral salts medium at 450C in association with the blue-green alga (cyanobacterium) Fischerella sp. over a pH range of 6.9 to 7.6. L. pneumophila was apparently using algal extracellular products as its carbon and energy sources. These observations indicate that the temperature, pH, and nutritional requirements of L. pneumophila are not as stringent as those previously observed when cultured on complex media. This association between L. pneumophila and certain blue-green algae suggests an explanation for the apparent widespread distribution of the bacterium in nature.
The bacterium Legionella pneumophila, the etiological agent of Legionnaires disease, has been isolated from a number of habitats, including air-conditioning cooling towers (5) and the water and sediments of a stream near the area of the Bloomington, Ind., outbreak (10) . Isolation of L. pneumophila from aquatic habitats not associated with outbreaks of Legionnaires disease has recently been reported (7) . This apparent widespread distribution of L. pneumophila raises questions as to the chemical and physical factors that enable this organism to grow and survive in nature, whereas in laboratory culture growth has been observed only under very restricted conditions (6) (6) . They also reported a limited pH range of 6.9 + 0.4 in culture (6) .
(This paper is taken in part from a thesis submitted by D.L.T. in partial fulfillment of the requirements for the Ph.D in Biology at Rensselaer Polytechnic Institute.) A survey of aquatic habitats at the Savannah River Plant near Aiken, S.C., was made for L. pneumophila by using antibodies conjugated with fluorescein isothiocyanate. Bacteria that were morphologically similar to L. pneumophila and reacted with a specific serogroup 1 fluorescent antibody conjugate were observed in the naturally occurring algal-bacterial mat communities in a thermal effluent ranging in temperature from 550C to ambient (Tison and Fliermans, unpublished data). This mat community was composed of the blue-green algae Fischerella sp., Phornidium sp., and Oscillatoria sp. (Generic assignments were based on the taxonomic scheme for cyanobacteria of Rippka et al. [14] .) Each of these algae was isolated in unialgal culture, along with their associated bacterial microbiota, in mineral salts Medium D at 450C, as described by Castenholz (4) . After several weeks of growth in culture, bacteria that were morphologically and antigenically similar to L. pneumophila of serogroup 1 as determined by direct immunofluorescence were observed in culture with Fischerella sp.
These bacteria were isolated and confirmed as L. pneumophila serogroup 1 by using methods previously described (7) . By deoxyribonucleic acid homology studies the L. pneumophila isolate (SRP 6) showed a high level of relatedness to the Philadelphia 1 strain of L. pneumophila. This degree of relatedness is 76% at 600C and 74% at 750C. The divergence due to unpaired bases in the heterologous deoxyribonucleic acid duplex (i.e., deoxyribonucleic acid of Philadelphia 1 reassociated with deoxyribonucleic acid from SRP 6) is 2.3%. This degree of relatedness is indicative of the species level and is of the same order of relationship as are other strains of the various serogroups of L. pneumophila (D. J. Brenner, personal communication). L. pneumo-phila has subsequently been observed in unialgal cultures of Oscillatoria sp. and Phormidium sp. from the mat community (D. L. Tison, unpublished data).
Medium from algal cultures containing L. pneumophila was inoculated into log-phase cultures of Fischerella sp. that were free from all known serogroups of L. pneumophila as measured by direct immunofluorescence. Cultures were incubated under cool-white fluorescent illunination at an intensity of 100 l Ei m-2 s-' without shaking. Experiments were performed in which duplicate cultures were sampled at 2-h intervals over a 10-h period. Controls included those incubated in the dark, cultures to which 2 X 10-5 M 3-(3,4-dichlorophenyl) 1-dimethyl urea was added to inhibit photosystem II activity (12) , and L. pneunwphila inoculum in Medium D incubated in the light without Fischerella sp. The total numbers of L. pneumophila serogroup 1 were determined by direct immunofluores-NOTES 457 cence (7) . Total bacterial numbers were determined by fluorescein isothiocyanate staining and direct epifluorescence microscopy (8) . The amount of dissolved organic carbon and the pH of each culture at the time of sampling were also measured. Fischerella sp. numbers were not determined, since we have shown previously that this cyanobacterium has a doubling time of >20 h under these experimental conditions (D. L. Tison and D. H. Pope, unpublished data).
The results of these experiments (Fig. 1) show that L. pneumophila grew exponentially for 6 h.
A mean doubling time of 2.7 h was obtained from linear regression analysis of the results of the two experiments. This growth rate of L. pneumophila, presumably on algal extracellular products, is more than twice as rapid as that previously reported for growth on complex or defined media. Growth of L. pneumophila at 45°C has not been previously reported (6, 15) .
When the photosynthetic activity of Fischer- Both the amount of dissolved organic carbon (Fig. 2) and the total numbers of bacteria (data not shown) in the cocultures increased for about 4 h. The decrease in dissolved organic carbon concentrations may be a result of decreased dissolved organic carbon production by Fischerella sp. or increased utilization of algal extracel- lular products by the associated heterotrophic microbiota after an initial lag period. A similar lag has been reported for heterotrophic utilization of algal extracellular products in both cultures and natural communities (11) . A decrease in total bacterial numbers after 4 h appeared to have been the result of cell lysis, since increasingly larger amounts of cellular debris were observed during the course of the experiment using direct epifluorescence counts. This may have been due to accumulation of toxic products in the cultures. There was no apparent lysis of L. pneumophila cells, since no cellular debris was observed by direct immunofluorescence. Limitation of bacterial growth due to the accumulation of end products or availability of nutrients is not likely to occur in natural habitats to the extent observed in culture, since, in nature, toxic products may be removed by diffusion or utilized by other associated microbiota. It has been documented that algal cells produce organic substrates, some of which may be excreted and utilized by bacteria (16, 17) . Growth of pathogenic bacteria and bacterial indicators of fecal pollution on algal extracellular products has also been reported (9) . The amount of photosynthetic products released extracellularly by the mat community used in our studies ranged from <1 to 6% of the total amount of C02 fixed photosynthetically (particulate plus excreted), which is similar to values obtained by other workers studying other thermophilic algal-bacterial mat communities (1, 2) . Additionally, algal photosynthetic activity provides oxygen that can be utilized in aerobic respiration, which in turn produces C02, which may be available for algal photosynthesis. This mutualistic association between algae and cyanobacteria and bacteria may 
